Porcelain and plastic materials constitute bulk of household wastes. Owing to resistibility and slow degradability that accounts for higher residence time, these materials qualify as potential hazardous wastes. Retention of water permits these wastes to form a congenial biotope for the breeding of different vector mosquitoes. Thus porcelain and plastic wastes pose a risk from public health viewpoint. This proposition was validated through the study on the porcelain and plastic household wastes as larval habitats of Dengue vectors (Aedes spp.) in rural and urban areas around Kolkata, India. The wastes were characterized in terms of larval productivity, seasonal variation and a comparison between urban and rural areas was made using data of two subsequent years. The number of wastes positive as larval habitats and their productivity of Aedes spp. varied among the types of household wastes with reference to months and location. Multivariate analysis revealed significant differences in the larval productivity of the household wastes based on the materials, season, and urban-rural context. Results of Discriminant Analysis indicated differences in abundance of Ae. aegypti and Ae. albopictus for the urban and rural areas. The porcelain and plastic wastes were more productive in urban areas compared to the rural areas, indicating a possible difference in the household waste generation. A link between household wastes with Aedes productivity is expected to increase the risk of dengue epidemics if waste generation is continued without appropriate measures to limit addition to the environment. Perhaps, alternative strategies and replacement of materials with low persistence time can reduce this problem of waste and mosquito production.
Introduction
Plastic and porcelain wastes of household origin qualify as hazardous materials owing to their resistance to physical and chemical factors and slow degradability [1] . As a result, porcelain and plastic wastes may interfere with natural processes and influence environmental quality. In absence of suitable management, porcelain (including glass) and plastic wastes sustain pathogens and parasites of medical importance [2] , posing concern from public health viewpoint [3, 4] in different regions of the world [5] [6] [7] . The organic residues and entrapped water in porcelain (including glass) and plastic wastes create suitable biotope for breeding of vector mosquitoes, particularly Aedes spp. [8] [9] [10] . Theshape of the containers and residence time in the environment determine the quality of porcelain (glass) and plastic wastes as larval habitats of Aedes aegypti and Aedes albopictus [11, 12] . This observation justifies porcelain and plastic wastes as contributors to breeding of dengue vectors and thus increases the corresponding risk of dengue transmission.
Dengue and Chikungunya are examples of mosquito borne viral diseases posing concern for public health worldwide, in the tropics and subtropics [13, 14] . Monitoring of vectors of these diseases is necessary for predicting the population variations and intervention of the vector population. Thus assessment of the prospective breeding grounds of the vector mosquitoes forms an integral part of management of dengue and chikungunya [15, 16] . Linking household wastes with the mosquito breeding enable characterization and classification of these wastes as key larval habitat of Aedes mosquitoes [12, 17] . Household waste generation varies in urban and rural background, owing to characteristic population density, social, economic and environmental factors [18] [19] [20] [21] . The distinction between the urban-rural areas in Kolkata, India is based on density of human settlements and source of livelihood. Consequently, the contributions of wastes as larval habitats are expected to vary according to rural and urban background [22] [23] [24] . In recent years, dengue and chikungunya outbreak in India is recorded mostly from urban areas [25] [26] [27] , with few reports from rural areas [28, 29] . With increased usage of plastic in various forms, the possible wastes generation in the rural areas cannot be ruled out [30] [31] [32] [33] . Based on these observations and propositions, an attempt was made to evaluate the differences in the pupal productivity in rural and urban areas using Kolkata, India as the geographical study area. Earlier studies from eastern India including Kolkata, indicate expansion of the geographical range of dengue vectors [34, 35] . While dengue epidemics have been largely restricted to urban areas, expansion of geographical range increases chance of dengue epidemics in rural areas. A comparative study of abundance of dengue vectors in rural and urban areas will enable highlighting the role of porcelain and plastic wastes as contributors to the sustenance of dengue vector populations. Apart from supplementing information to develop strategies for source reduction of the breeding habitats, the results of the study will enable predictions about possible expansion of the geographical boundaries of dengue and chikungunya vector mosquitoes in Kolkata, India and its adjoining areas.
Material and Methods

Study area
Following identification and subsequent screening of household hazardous waste containers as Aedes larval habitats, sampling studies were carried out from selected sites of Kolkata and adjoining rural areas of eastern India. Each sampling site within the study area included four sampling spots each from the urban and rural areas. The urban sites considered for the present study included Baranagar (22°38'36"N, 88°21'55" E), Ballygunge (22°32'0"N, 88°22' 0" E), Chetla (22°31'0"N, 88°20'24"E), and Patuli (22°47'22"N, 88°38'78"E), Kolkata India; the rural spots consisted of Serampore (22°75'00"N, 88°34'00"E), Baidyabati (22°79'00" N, 88°32'00"E), Singur (22°81'00" N, 88°23'00"E) and Haripal (22°83'33" N, 88°11'67"E) of district Hooghly adjacent to Kolkata. In the present study, the areas where there is a population of minimum 5,000 individuals with a density of 400 persons per sq. km and 75% of the males were engaged in non-agricultural pursuits, were denoted as urban areas (viz. Baranagar, Ballygunge, Chetla, and Patuli) whereas areas having a population of maximum 15,000 individuals with a density of <400 individuals/Km 2 and agriculture as the chief source of livelihood followed by fishing, cottage industries, pottery etc were categorized as rural (Serampore, Baidyabati, Singur and Haripal).
Sampling procedure
No specific permissions were required for any locations / activities for the study. The GPS coordinates are being added in the Materials and methods section. The field studies did not involve endangered or protected species both in the urban and rural sites. In each month between July 2009 and December 2010, random stratified sampling was employed to monitor prospective Aedes larval habitats in the study area ( Table 1 ). The study included survey of the urban (U) and rural (R) areas based on 4 sites (1-4) in each area. Four selected spots of equal space (
) formed each site, under which randomly chosen 20 sub-spaces were surveyed for the presence of porcelain and plastic waste containers. In each spot within the study area, the Aedes mosquito larval habitats [11] were chosen randomly, based on two broad types, porcelain (including glass) and plastic waste containers. The sampling was carried out using WHO methods and following Krebs [36] and Focks & Alexander [11] . A total of 80 numbers of each habitat (cluster X sub-space) was considered per sampling spot per month. In the context of the sampling method, the term larval habitat denoted the different household non-reusable and non-degradable containers of either porcelain (including glass) or plastic material that was used by the Aedes for breeding. The different porcelain and plastic containers of household hazardous waste were checked both outdoor and indoor the human settlements for the Aedes immature. The features of the habitats surveyed are presented in Table 2 . Each of the habitats was sampled either using an inverted glass pipette (100ml) fitted with rubber teats or emptying the whole contents in a glass beaker (500ml), according to the aptness of the habitats. There were cases where other species of vector mosquitoes (viz. Culex spp., Anopheles spp.) were encountered but for the present study, the number of individuals of Ae. aegypti and Ae. albopictus were considered only for analysis.
Observations
From each of the positive larval habitats, the immature comprising of the larva and pupa were sampled, put in sample containers (100ml sample container Tarsons 1 ) and brought to the laboratory to note the number of immature collected. Following counting, the immature were allowed to develop to adults in the sample containers marked with the site and area of collection. Depending on the density of the immature (<100 individuals), the sample containers were supplemented with 5-15 grains of fish food ( 1 Tokyu fish food) in adequate amount of water~30 mL -50 mL. The water was changed regularly and the adult emerging was counted further. For densities greater than 100 individuals collected from a larval habitat, immature were reared in plastic trays (15 X 11 X 3 inches) to adult stage for identification to the species level. The sex and species of the adults were identified based on appropriate keys [37, 38] . In case of larval habitats that were positive for both the species, data was recorded against a single species (based on relative abundance) to avoid pseudoreplication [39] . Thus larval habitats were categorized for only two species separately. The discarded containers harbouring either Ae. aegypti or Ae. albopictus individually were taken into account only. There were cases where both the species occurred in tandem in a container, but those samples were included as positive for a particular species based on relative density to exclude the possibility of pseudo replication [39] . The problem of pseudo replication arises due to lack of appropriate replicate (randomization and interspersion) or the replicates fail to be statistically independent. For the present study the smallest experimental unit to which a treatment is independently applied is a single porcelain (glass) or plastic waste. Thus a single porcelain (including glass) or plastic waste could be considered only once as a replicate, either for Ae. albopictus or for Ae. aegypti. Considering the single unit for larval habitat of both would increase the number of sampling units and add error to the analysis. The co-occurrence of Ae. aegypti and Ae. albopictus in the habitats, is a mutually inclusive phenomenon where one species may occur at the same time and in the same habitat with the other. The density of Ae. aegyptiwas higher in the plastic containers. Hence in cases where the both species coexist in the same container (viz. plastic) depending on the relative density, the species with higher density were included to a particular category. However, it was noted that in porcelain (glass) containers, in cases of 'both', relative density of Ae. aegypti and Ae. albopictus were more or less equal. In such cases, numbers of positive habitats were assigned equally between them.
Statistical analysis
To comment on the habitat and area, data on positive larval habitats and abundance were subjected to three-way factorial ANOVA [40] using habitats, area and month as variables. Further to reveal species specific variation, the data on immature abundance were analyzed for fiveway factorial ANOVA using species, month, habitat, area and location as variables. The data on the positive larval habitats, relative abundance of larvae and pupae in house hold generated wastes of porcelain and plastic containers were subjected to discriminant function analysis [41] to comment on the differences in immature abundance in urban-rural context and months. Discriminant function analysis (DA) is a multivariate procedure that enables segregation among target variables using certain explanatory variables. DA is reverse of multivariate analysis of variance (MANOVA) in the sense that dependent variables are the groups (Aedes spp. productivity) and the predictor or input variables (urban-rural gradient, months) are the independent variables. In MANOVA, the independent variables are the groups and the dependent variables are the predictors. The DA is divided into two phase study, beginning with, first, the test of significance for a determined number of Discriminant functions, followed by, secondthe categorization. In Discriminant Analysis (DA) [41] classification of the heterogeneity in the data based on particular parameters can be carried out so as to segregate the variables based on observed data. This helps to determine if there is any significant difference among the different groups with regards to the various parameters considered. In the present study, the urban-rural gradient and months were considered as predictor variables to discriminate the productivity of Ae. aegypti and Ae. albopictus. The results of DA would enable portraying the productive months and sites in terms of abundance of immature Aedes mosquitoes thereby highlighting the differences among the response variables. The statistical analyses were performed using SPSS ver. 10 software and XLSTAT [42] .
Results
The number of habitats recorded positive for the species Ae. aegypti and Ae. albopictus, was found to vary with the type of habitat and material of the house-hold generated wastes (Table 2 ). In terms of positive number of breeding sites for the immature, porcelain (glass) objects (OPR1, OPR2, OPR3, OPR4, and IPR1) were more productive for Ae. albopictus. The plastic containers (OP1, OP2, OP3, OP4, IP1, IP3, and IP4) were equivalent in terms of harbouring both the species. IP1 and OP1 among the plastic types and OPR3 and OPR2 among the porcelain (glass) containerswere documented to sustain more Aedes spp. Probably the dimension of the varied household generated waste containers and the water retention ability/ residence time played a pivotal function in maintaining the abundance of the dengue vectors. The relative occurrence of the Ae. aegypti in the plastic containers was noted to be more than that of Ae. albopictus whereas the porcelain container types showed equivalence in holding both the species irrespective of the spots and the study period. Monthly variations in positive habitats and pupal productivity for both Ae. aegypti and Ae. albopictus were prominent both in the urban and rural spots of the study areas (Fig 1) . Possibly due indiscriminate use of the plastic and porcelain materials in the urban areas as compared to the rural spots, the relative intensity of immature abundance of both the species was noted to be more in urban areas. Variation in the immature productivity may probably be an indication in the difference in generation of house-hold waste and thereby the extent of urbanization. In rural areas porcelain containers were preferred by Ae. albopictus compared to Ae. aegypti; while for plastic containers in both rural and urban spots Ae. aegypti seemed to be dominant contrasts to Ae. albopictus. Irrespective of locations, plastic containers were more productive with Aedes immature than glass containers, though significant variations among the months was evident (Fig 2A) . Considerable variation in the number of pupa to larva was also noted during the period (Fig 2B) . The post monsoon months, from July to October, were most productive perhaps due to accumulation and retention of water within the varied container types. Following a peak in August and September, the immature density declined gradually to almost nil in December. Five-way factorial ANOVA on the abundance of Aedes spp. revealed significant values for species, months, habitats, area and location of the habitats. Except for the interactions between species-location, habitat-area and month-habitat-area-location all other interactions were significant (Table 3A) . The results of the 3-way factorial ANOVA on the positive habitats for Ae. aegypti exhibited significant values for material, area and month and material-area interaction; for Ae. albopictus values for material and month were significant along with material-area, material-month, areamonth and material-area-month interactions. Similar results were obtained from the 3-way factorial ANOVA on the abundance of the Aedes immature where material, area and month exhibited significant values for both the species. Significant interactions between material-area, material-month, area-month and material-area-month were noted for Ae. aegypti and material-area, material-month for Ae. albopictus (Table 4) .
Results of discriminant analysis (DA) indicated variations in immature productivity of Ae. aegypti and Ae. albopictus with respect to months (Figs 3 and 4) and urban-rural scenario ( Figs  5 and 6 ). These characteristic differences between the urban and rural sites reflect prospective differences in the glass and plastic wastes generation and subsequent conversion as larval habitats. The discriminant function coefficients were derived from the construction of sum of squares and cross product matrices of the explanatory variables. The coefficients represent the contribution of the variables against the three discriminant functions (F1, F2 and F3; Tables 5  through 8 ). The canonical correlation coefficients for each of the discriminant functions (F1 through F3) represent the strength of the overall relationship between a variate for the independent variables (immature productivity) and one for the dependent variables (Sites or months as applicable). For both the mosquito species Ae. aegypti and Ae. albopictus, the Fisher's distances were found to be significant (P < 0.05) with respect to months (Tables 5 and 6 ) and urbanrural areas as well (Tables 7 and 8 ). The ordination of the variables (months and sites) along the biplot axes represent sufficient discrimination of the months and urban-rural sites based on their abundance for both the species.
All the data set for the tables and figures have been provided in the supporting information file (S1 File).
Discussion
Surveillance of Aedes mosquitoes in rural and urban areas around Kolkata, India, reveals that the household plastic and glass wastes contribute to the existence of the dengue vectors to a considerable extent. The number of plastic and glass wastes serving as larval habitats of Ae. aegypti and Ae. albopictus varied among the months in both rural and urban areas. Exploitation of glass and plastic wastes as breeding sites varied between indoor and outdoor locations of urban and rural areas, perhaps due to differences in the anthropogenic activities and thus generation of household wastes. The observations of the present study is a pioneer effort to highlight the importance of rural areas as potential dengue breeding sites in the context of Kolkata and adjoining areas of India. Although rural areas were featured by fewer number of wastes as Aedes larval habitats than urban areas, the consistency in the immature density through the months, calls for consideration of rural areas as prospective sites for breeding of dengue vectors and thus possibilities of dengue. Until now, resurgence of dengue and corresponding vector management strategies are focused on urban areas of India [25] [26] [27] 43, 44] , though few studies have demonstrated the pattern of dengue vector abundance in rural areas [29, 45, 46] . In rural areas, the alternative breeding habitats of mosquitoes like tree holes and puddles are quite common [35, 47, 48] . Increased availability of the household wastes in rural areas will increase the potential breeding sites of Aedes mosquitoes, as well as risk of dengue in rural areas in and around Kolkata, India. Improper usage and inappropriate disposal of various commodities of daily use including different articles and containers made up of plastic pose a menace to the public health [49] . Due to high durability, low cost, and versatile forms, plastics and allied products have become an indispensable part of modern life. Resistance to microbial and physical degradation routes however, enables plastic wastes to act as environmental nuisance [50] . Porcelain (Glass) containers featured by frost-resistant and radiant glazes are non-biodegradable. Owing to slow degradation by physical means, the residence time of glass wastes in environment increases the burden of waste in environment. Improper disposal and management increases the possibilities of plastic and glass wastes to serve as breeding habitats for containers breeding mosquitoes, Aedes in particular. As observed in the present study, the pupal productivity varied with the Household Wastes and Dengue Vectors in Rural-Urban Gradient shape and size of the plastic and glass waste containers, similar to the observations made in Australia [51] , Africa [52] , Vietnam [53] , North and South America [54] [55] [56] [57] [58] . It seems that identification and classification of plastic and glass household wastes needs to be reviewed in terms of hazard potential and adverse health impact in both urban and rural areas [21, 59, 60] . The present survey was carried out in the urban and rural regions of Kolkata metropolis as model geographical region with the aim to identify and classify those hazardous containers responsible for sustaining Aedes. Seasonal variations and periodicity was amply reflected in the relative abundance of the Aedes immature in the waste containers similar to many other places around the globe [9, 12, 17, 23] . Preference of the dengue vectors for the waste container, based on the location and type of material, could be deduced through the corresponding immature productivity (Figs 1 and 2) . The monthly variations in the relative abundance of Ae. aegypti and Ae. albopictus as reflected in the biplots (Figs 3 and 4) can be attributable to the differences in the availability of congenial breeding sites. Although Aedes can exploit varied kind of plastic and glass wastes as larval habitats, the availability of such wastes in itself is a major concern for vector management. Population regulation of Ae. aegypti and Ae. albopictus is constrained primarily due to its exploitation of domestic environment for breeding and secondarily due to human-mediated dispersal that enhances abundance at spatial scale [48, 52, 54] . Mosquito productivity increases with the availability of the porcelain (including glass) and plastic waste containers, and thus appropriate measures should be taken to reduce the waste generation and management [61] [62] [63] . Inappropriate use of the porcelain and plastic containers along with poor waste management strategies lead to an extended life of the porcelain and plastic waste products. Variation in waste generation in space leads to the diversification of the breeding sites of Aedes mosquitoes, thereby leading to surge in mosquito abundance. Possibly the generation of the wastes varied over the months contributing to the differences in the abundance of the mosquitoes in the area. Persistence of such waste products adds to the permanence of breeding and growth of Aedes mosquitoes and thus the possibility of dengue episodes [64] . Effective solid waste management strategies for Kolkata [19, 65] and other similar cities where household wastes are contributing to mosquito breeding [66, 67] should be prioritized for intervention of Aedes population and reduce the risk of dengue and chikungunya.
Water retention capability and resource content enable porcelain (including glass) and plastic containers as favourable breeding habitats of dengue vectors. In urban areas, the frequent disposal of household plastic wastes is common contrast to the rural areas [31, 32] . In Indian context, waste generation is linked with the socioeconomic factors [30] , which are expected to differ between urban and rural communities. Although socioeconomic and life style patterns differ between urban and rural areas, it appears that the generation of waste in rural areas differ from urban areas quantitatively but not qualitatively. As a result, the breeding grounds of dengue vectors were more abundant in urban areas, with higher frequency of dengue incidence, as portrayed in the biplots (Figs 5 and 6) . However, the present study suggests that the trend may change, since the porcelain and plastic wastes generated in rural areas are equally compatible for Aedes breeding. Thus vector control strategies should incorporate the rural and suburban areas for regulation Aedes mosquito abundance. While only few discrete studies in rural areas of North India [19, 43, 45] record the occurrence of the dengue vectors, planned dengue vector control strategies are yet to be employed. In majority instances in India and other tropical regions, dengue vector control is restricted to urban populated sites [4, 45, 49] . Extending the previous observations on dengue vectors in rural areas through the present study, refined strategies may be framed for dengue vector control inclusive of rural areas. Accessibility of waste containers in indoor or outdoor locations depends on knowledge and attitude of the Household Wastes and Dengue Vectors in Rural-Urban Gradient people about likelihood of waste into prospective Aedes larval habitat [11, 15] . Appropriate management practice can reduce availability of waste containers, thereby reducing the prospective Aedes larval habitats. Possible limitations in such practices may have allowed conversion of porcelain and plastic wastes as larval habitats in the present study area. The regulation or local elimination of dengue vectors are often limited by the recurrent colonization in respective habitats following availability of resources and water. The ability of the eggs of Aedes mosquitoes to withstand desiccation is another factor that can facilitate re-colonization in the same habitat following control. While natural larval habitats like tree hole can rarely be modified, restriction of the waste generated forms a major way of creation of habitats for larval breeding. Appropriate steps may therefore be taken to reduce the generation of the plastic and porcelain (including glass) wastes along with scientific methods for disposal so that the reduction of the sources of breeding is ensured. The citizens should be communicated about the potential harm owing to these wastes, as well [33, 68] . It is pertinent to mention that the present study is limited in terms of exploring all the possible habitats of dengue vectors, including the tree holes and bromeliads.
The strategies for vector management should include such habitats where the pupal productivity of Aedes mosquitoes is equally a concern for public health. Restriction of breeding of Aedes mosquitoes is of prime importance to reduce the incidence of dengue and chikungunya. In order prioritize larval habitat based population intervention to reduce possibilities of dengue, studies may be initiated to determine the pattern and preference of oviposition habitats by Aedes mosquitoes in urban and rural areas of India and Kolkata in particular. The entire data set, tables (Tables 1 through 8 
